ABSTRACT. In Pd, MgO precipitates with diameters in the nm range can be produced by internal oxidation of PdMg, samples that are annealed in an O2 atmosphere. The PdMgO interfaces can be decorated with excess oxygen, depending on the O2 gas pressure in the final annealing procedure. We studied by mechanical spectroscopy the influence of hydrogen (H) interstitials on the anelastic behavior of internally oxidized Pd-1.9at%MgO samples (with and without oxygen decoration of the Pd-MgO interfaces, temperature range 4 to 380 K, frequencies between 213 and 685 Hz). The H causes a broad relaxation peak with an activation energy of -0.15 eV for the underlying relaxation process. The peak does not exist in ordinary (pure) Pd doped with H. We conclude that the relaxation peak results from H interstitials that are trapped in the interfacial regions between the MgO precipitates and the Pd. This supports the results of a recent electrochemical study which similarly reports a very effective trapping of H interstitials in these regions. Surprisingly, the relaxation peak was not found to depend on whether the interfacial regions were decorated with oxygen or not.
INTRODUCTION
Pd samples with small MgO precipitates (several nm diameter) can be produced by internal oxidation of PdMg, samples that are annealed in an 0 atmosphere. The small diameter of the MgO precipitates makes the interfacial area between pcf and MgO very large. For a Pd-1.9 at% MgO sample, for instance, the total interfacial area was determined to be -9.5. 105 cm2/mol [l] , which is 200 times larger than the grain boundary area for a typical average grain size of 100pm. This fact makes MgO precipitates in Pd an attractive system for studies of interfacial properties.
The Pd-MgO interfaces can be decorated with excess oxygen. Annealing in air (or 0 , 1000°C) leads to such an oxygen decoration, whereas the excess oxygen is removed by annea?ing in vacuum (temperatures above 700°C). The experiments were carried out in a computer-controlled vibrating-reed apparatus (electrostatic drive, detection via frequency-modulation, temperatures from 4 to 350 K). During the measurements, the samples were under vacuum. They were fixed with a clamp which could be mounted at different positions along the sample so that it was possible to change the vibrational frequency (between 213 and 685 Hz).
The samples were doped in situ with H while they were mounted in the vacuum chamber of the vibrating reed apparatus ( 80°C, H2 gas doping pressures of 10, 100 and 1000 mbar). For pure Pd and under equilibrium conditions, these pressures yield H-Pd atom ratios of 0.005 (10 mbar), 0.02 (100 mbar) and 0.65 (1 000 mbar), respectively [g]. To avoid H desorption during the measurements (which were carried out under vacuum), the samples were, immediately after each doping process, rapidly cooled below 80 K in the presence of the H2 gas before the vacuum chamber was evacuated. The actual measurements were then carried out in a heating cycle. After the temperatures rose above 310K during a measurement, H started to desorb from the sample.
RESULTS AND DISCUSSION
Figure 1 presents internal friction spectra Q-') of a Pd-1.9at%MgO sample after doping with three different H concentrations (10, 100 an d 1 000 mbar doping pressure), together with the background of this sample after the H was removed by vacuum extraction ( 150 "C). For comparison, the figure shows also the internal friction of a H-doped sample of pure Pd (1 000 mbar doping pressure). The vibrational frequencies ranged from 510 to 685 Hz (at the relaxation maxima).
. For the two lower H concentrations (10 and 100 mbar doping pressure), the Pd-1.9at%MgO sample in Fig. 1 shows a broad peak with a maximum at 190 K ( N 510 Hz). The relaxation strength of the peak is larger for the higher H concentration. The decrease of the internal friction above 310 K results from H desorption. For high H concentrations (doping pressure 1000 mbar), both the Pd-1.9 at% MgO sample and the sample of pure Pd show a large peak at 150 K plus a small shoulder between 90 and 100 K. These peaks are well known from previous studies on pure Pd [l01 and attributed to a relaxation process involving both H interstitials and dislocations We discuss now in more detail the new relaxation peak around 190 K which is solely observed for the Pd-1.9at%MgO samples. Figure 2 shows two spectra from such a sample (10 mbar doping pressure) taken with frequencies of 213 and 510 Hz (at the peak maxima). The respective peak maxima (179 K for 213 Hz and 200 K for 510 Hz) shift to higher temperatures with increasing frequency, indicating a thermally activated relaxation process with an activation energy of 0.15 eV. 
Using this result for the activation energy, we find that the relaxation peaks are drastically broadened in comparison with a (standard) relaxation spectrum for a single relaxation time. Therefore, the new relaxation process of the Pd-1.9 at%MgO samples must be described by a spectrum of relaxation times. Our conclusion that the above new internal friction peak in the Pd-1.9at% MgO samples results from H interstitials trapped in the Pd-MgO interfaces leads to the question whether excess oxygen atoms in these interfaces influence the relaxation spectra. To answer this question, we present in Fig. 3 the internal friction spectra of two H-doped Pd-1.9 at% MgO samples (10 mbar doping pressure), measured with and without interfacial excess oxygen, together with the background from a H-free sample. The data in Fig. 3 show a practically identical temperature dependence of the internal friction of the H-doped samples. Their only difference is a generally higher relaxation level of the sample with the excess oxygen. However, it is very doubtful whether this difference is really due to the excess oxygen since such a difference in the relaxation level is common also between nominally identical samples. It seems, in fact, surprising that the excess oxygen modifies the relaxation spectra only weakly, or not at all, since it is reported to influence strongly H trapping at the Pd-MgO interfaces [1, 2] .
CONCLUSION
The presence of H interstitials in Pd-1.9at% MgO leads to a broad anelastic relaxation peak that is not observed in H-doped pure Pd. This suggests, in agreement with the results of a previous electrochemical study [l] , that the relaxation is caused by H interstitials that are trapped in the Pd-MgO interfaces. The relaxation behavior is not noticeably modified by the additional presence of interfacial excess oxygen.
